A new type of flavonoid was isolated from an adzuki bean-water extract by various chromatographic techniques. The chemical structure was determined by ultraviolet-visible (UV-Vis) spectroscopy, mass spectrometry (MS), and various nuclear magnetic resonance (NMR) experiments, and it was found to be unique in that the xanthylium skeleton was present in this molecule.
The legume plant is an important global food crop, especially the adzuki bean (Vigna angularis), which is cultivated in Japan and other parts of East Asia. The adzuki bean is an essential ingredient of sekihan in Japan, a dish made by steaming glutinous rice together with red beans and eaten on celebratory occasions, and is also used in traditional sweets. The properties of the red adzuki bean are well known, and it has been used for various purposes such as traditional Chinese herbal remedies. 1) The seed coat of colored beans is generally a rich source of polyphenols. Polyphenols are plant secondary metabolites and are contained in fruits and vegetables. Interesting biological properties of polyphenols have recently emerged, including antioxidative activity, antiinflammatory activity, and anticarcinogenic activity. The polyphenol content of adzuki beans is particularly high, so that many investigations have been performed to identify quercetin glycosides, condensed tannins, and catechins in adzuki beans. [1] [2] [3] [4] A trace amount of anthocyanin, a representative plant pigment, has also been isolated from the seed coat of the adzuki bean. 5) We began our studies by elucidating the components of the adzuki bean pigment. A new polyphenol isolated from the seed coat of the adzuki bean is described in this paper.
The adzuki beans from Hokkaido (5 kg) were extracted for 5.5 h with 7.5 L of water at 35 C as shown in Scheme 1. The extract was filtered and loaded into a Diaion HP20SS (Mitsubishi Chemical Corporation) column packed with 0.5% trifluoroacetic acid (TFA)/ H 2 O. The column was eluted with 0.5% TFA/MeOH after washing with 0.5% TFA/H 2 O. The colorless components were removed from the water extract during this process. The 0.5% TFA/MeOH fraction was analyzed by high-performance liquid chromatography (HPLC), using a photodiode array detector, and multiple peaks were detected ( Fig. 1) .
Peak 1, which was eluted at 16.5 min, was isolated by column chromatographic separation of the 0.5% TFA/ MeOH fraction (18.71 g) in the Diaion HP20SS column. Crude 1 (0.45 g) containing peak 1 was obtained. This fraction was further purified three times by octadecylsilane (ODS) HPLC to yield compound 1 (3.0 mg). An HPLC analysis indicated that the sample was almost completely pure.
The structure of 1 was determined by various nuclear magnetic resonance (NMR) techniques, ultraviolet (UV) spectroscopy, and mass spectrometry (MS). The 1 H-NMR spectrum showed a peak characteristic of flavonoid. In particular, a peak pattern at approximately 6-8 ppm indicated the presence of a catechol ring and a resorcinol ring, while no glycoside peak was apparent at approximately 3-4 ppm. The coupling constants between H-2 and H-3 (6.0 Hz), H-3 and H-4a (6.0 Hz), H-3 and H-4b (5.0 Hz), and H-4a and H-4b (16.6 Hz) were similar to the corresponding position of catechin (7.6 Hz, 8.2 Hz, 5.4 Hz, 16.1 Hz) rather than epicatechin (H-2 is observed as a broad singlet, 2.8 Hz, 4.6 Hz, 16.7 Hz) in the 1 H-NMR spectrum, leading to the relative configuration of H-2 and H-3 being considered as the trans form, the same as that of catechin. Heteronuclear multiple quantum coherence (HMQC) spectra exhibited Note correlation between a signal at H ¼ 9:24 ppm and that at C ¼ 139:9 ppm. The characteristic signal at H ¼ 9:24 ppm was therefore that of an aromatic proton, instead of the aldehyde proton. Although common aromatic protons appeared at approximately 6-8 ppm, the proton at the 9-position of xanthylium salts is known to be observed at a lower chemical shift. 6, 7) Furthermore, the 1 H-and 13 C-NMR spectral signals were assigned from correlation spectroscopy (COSY), HMQC, and heteronuclear multiple-bond correlation (HMBC). The UV spectrum in methanol showed an absorption maximum at 452.0 nm, which is an absorbance value typical of xanthylium salts, suggesting that 1 contained the xanthylium skeleton. 6, 7) The structure of 1 was consequently deduced to be that shown in Fig. 2 . The chemical shifts in the 1 H-and 13 C-NMR spectra were similar to those of previously reported xanthylium salt derivatives. 6, 7) In the HMBC spectrum, the xanthylium E-ring H-9 proton showed correlation with the carbon signals at 156.9 ppm (C-7) and 157.4 ppm (C-15), and these carbon signals showed respective correlation with the A-ring H-6 proton and the D-ring H-14 proton. These results indicated that the A-, E-, and D-rings were linked, as shown in Fig. 2 .
The high-resolution electrospray ionization mass spectrum (HR-ESI-MS) of 1 showed a molecular ion peak at 409.09311 [M] þ , corresponding to the formula C 22 H 17 O 8 (calcd., 409.09234). In addition, a major fragment ion was detected at m=z 257 by matrix-assisted laser desorption ionization time-of-flight tandem mass spectrometry (MALDI-TOF MS/MS). This fragment ion corresponds to [M-152] þ due to retro-Diels-Alder fission of the C-ring. These data enabled the structure of 1 to be identified.
Xanthylium salt derivatives are known to be reaction products of catechin. These compounds are considered to be formed in wines and contribute to the color change in food. [6] [7] [8] In conclusion, we isolated a new pigment from adzuki beans. It was found that adzuki beans contained this pigment in addition to quercetin glycosides and anthocyanins. Compound 1 consisted of a unique xanthylium skeleton, with absorption at approximately 450 nm, suggesting that this could contribute to the red color of adzuki beans. The presence of this compound suggests the possibility that similar compounds are responsible for the pigment in adzuki beans. Further studies are now in progress.
Compound 1 The reverse-phase HPLC system was operated under the following conditions: column, NX-ODS-9 4:6 mm' Â 250 mm (Nagara Science Co., Ltd., Gifu, Japan); solvent, 33% MeOH in a 0.5% aqueous TFA solution; flow rate, 1 mL/min; temp., 35 C; detector, UV (450 nm). The larger peaks with a retention time of 2-10 min were a complex mixture. 
